The preparation of a fluid of cobalt ferrite particles having a size varying from 2 to 5nm is described. This bas been achieved by using functionalized surfactants. The size of cobalt femte particles decreases when the total reactant concentration decreases. The magnetic properties are described with magnetization curves and "Fe mossbauer spectroscopy. It is demonstrated that these particles are characterized by a superparamagnetic behavior.
INTRODUCTION
Many investigations have been performed on particles having a size ranging from 10 to 30nm. A behavior called superparamagnetism has been found [l] .Moreoever, small magnetic particles have surface properties that differ from the core. The elucidation of these differences is particularly difficult. The surface morphology, which depends on the preparation technique, may vary. Passivation [2] may introduce more than one phase. Interparticle interactions [3] , especially magnetic ones, may be important. The coating at the surface may change the intrinsic surface properties [l] . The study of magnetic materials having sizes smaller than lOnm increases extensively [4] . Recently Davies et al. produced cobalt femte particles characterized by an average size equal to 3nm. In all these cases, syntheses have been performed by using very high concentrations of metallic salts and basis. The solutions were heated at relatively high temperature (close to 100°C). The control of the size was obtained by changing the experimental conditions such as pH, ionic strength, complexation etc.. ..
In the present paper we propose a new technique to synthetize nanosized cobalt ferrite particles. A gradual control of the size is obtained. From magnetization measurements and ' ' Fe mossbauer spectroscopy we have observed a transition from cubic to axial anisotropy and a strong increase of the anisotropy constant with the decreasing particle size.
SYNTHESIS OF CoFe,04 NANOSIZED PARTICLES

Synthesis and characterization.
Aqueous methylamine, CH,NH30H, is added to a mixed micellar solution formed by Co(DS), and Fe(DS), surfactants. Cobalt (Q and Iron@) dodecyl sulfate, Co(DS),, and Fe@S), were made as described elsewhere [5] .The solution is stirred during two hours at room temperature and a magnetic precipitate appears. The supernatant is removed and replaced by pure bulk aqueous phase. The precipitate is redispersed and a brown magnetic suspension is obtained. It is usually called magnetic fluid. The percentage of surfactant remaining in solution is less than 0.1 % in weight. Electron diffractogram patterns of the powder show a good agreement with the intense peaks listed for cobalt femte, Co@)Fe(IU),O,, in standard reference tables. This indicates that the particles formed by using a micellar solution have the inverse spinel crystalline structure, as in the bulk phase. Formation of cobalt femte, CoFe,O,, is confirmed by X rays diffraction spectra. A fit of the experimental data yields a value of lattice constant consistent with bulk cobalt femte (8.38A) [6] . The diffractogram is fitted to single phase structure. E.D.S confirms the relative ratio of cobalt and iron elements in the cobalt femte particles (the percentage of the iron and cobalt elements are found equal to 65.6% and 34.3% respectively).
Size control.
Syntheses have been performed by increasing the Fe@S), concentration, from 6.5.10" M to 2.6. (Table 1) . We observe an increase in the particle size with the increasing Fe(DS),concenrration. 
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MAGNETIC PROPERTIES
The magnetization curves (S.Q.U.I.D. magnetometer) of particles having an avenge diameter equal to 2. 3 and 5nm respectively show at 2M)K a superparamagnetic behavior as expected for nanoscale dimension of the particles. The manetic size of the particle can be deduced from simulation of Langevin relationship assuming a log normal size disuibution [7] . X good agreement between the size determined by T.E.M. and from magnetization curve is observed (Table 1) . The magnetic field needed to reach the saturation magnetization depends on the size of the particles. For panicles having an average size equal to 2nm and 3nm, the saturation is not reached even at 4T whereas it is observed with 5nm particles. The saturation magnetization, deduced from zero exnapolation of M vs 1/H, decreases with the decrease in the panicle size (Tablel). The magnetic particles are fiozen in zero field at 10K. Figure 2 shows the presence of hysteresis and an increase in the coercitivity with the increasing particle size (Table I) . Preliminary experiments performed at higher fields (up to 14T) show that samration cannot be reached for particles having an average diameter equal to 2 and 3nm respectively. In that case. the saturation magnetization is evaluated as described before after deducing a linear differential susceptibility and the ratio hlr/i\?s is roughly equal to 0.5. Table 1 shows a decrease in the saturation magnetizadon with the denease in the particle size. Even for rhe larger particles (5nm diameter), the saturation magnetization is less than the bulk value. This could be explained by an increase in noncollinearity structure when the particle size decreases. The ratio of the remanence to saturation magnetization, MrMs. deduced from the magnetization curve decreases with the decrease in particle size gable 1). The reduced remanence, Mr/Ms, depends on the magnetocrystalline anisotropy constanr the median diameter and the standard deviation of the system [8] . For random distribution of easy magnetic axes of panicles with cubic magnetocrystalline anisotropy, the reduced remanence is expected to be equal to 0.83 at OK. For panicles having 5nm as an average diameter, Table 1 shows a MrMs ratio equal to 0.74 at 10K. The large remanence and coercitivity values and the remanence to saturation ma_gnetization ratio indicate that 5nm particles consist of randomly oriented equiaxial particles with cubic magnetocrystalline anisotropy [9] . The progressive decrease of MrMs ratio with the decrease in the particle size given on Table 1 could be explained as a progressive change of magnetocrystalline anisoEopy from cubic to axial swcmre. The source of anisotmpy might differ in ultrafine particle from the bulk material.
Mossbauer spectroscopy performed at various temperatures and sizes confirms the superparamagnetic behavior of the particles: we observe a transition from a sextet at low temperature to a quadmpolar doublet at high temperature ( fig.; ). From simulation of Mossbauer specua at various temperatures the transition from cubic (5 nm) to axial (2 and 3nm) anisotropy is confmed [ lo] . The samples are cooled in zero field to 10K. Figure 4 shows the magnetization measured as a function of temperature in a lOOOe field. We have assimilated the temperature of the ZFC peak to the blocking temperature. 
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As expected, the blocking temperature increases with the particle size (Table 1) . From it, the anisotropy constant is deduced. We observe a decrease in the anisotropy constant with the particle size. It is larger than the bulk value of cobalt ferrite material. The anisotropy constant, KA, is the sum of several terms taking into account the magnetocrystalline anisotropy, the shape and the surface of the particles and the interactions between particles[l 11. As expected, Figure 4 shows an increase in the blocking temperature with the increasing particle size. The anisotropy constant, determined from zero field cooling curve, is shown on Table 1 . Whatever the size is, the anisotropy constant is always much larger than that obtained for bulk material. The increase in the anisotropy constant with the decreasing particle size could be attributed to an increase of the surface anisotropy. The comparison between the change of MrlMs and KA with the particle size indicates that K , , increases much drastically than Mr/Ms with the decreasing particle size. KA contains anisotropy terms such as surface and shape anisotropies and interactions between particles. From T.E.M. no change in the shape of the particles can be observed. The good agreement between the particle size determined by T.E.M and from simulation of Langevin curve indicates that the interactions between particles are negligible. Therefore, it is reasonable to conclude that the strong increase in the anisotropy with the decrease in size is due to surface anisotropy.
For the first time, the preparation of cobalt femte particles having a size varying from 2 to 5nm is described. This has been achieved by using functionalized surfactants. The size of the cobalt ferrite particles decreases when the total reactant concentration decreases and when the sodium dodecyl sulfate concentration increases. It is now possible to make various sizes of cobalt fenite particles with 30% polydispersity in size distribution. These particles are characterid by a superparamagnetic behavior. The decrease in the saturation magnetization with the particle size is explained in term of an increase in the noncollinear structure at the interface. For 5nm particles a cubic magnetocrystalline anisotropy is observed. By decreasing the size of the particles the surface anisotropy strongly increases and a transition from cubic to axial anisotropy may appear.
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